The aim of this study was to investigate whether muscle strength and functional exercise capacity (FEC) influence motor performance in children with generalized joint hypermobility. Methods: Forty-one children (mean age: 8.1 years) with symptomatic generalized hypermobility were included. Motor performance was assessed using the Kö rperkoordinationstest fü r Kinder (KTK) and the Movement Assessment Battery for Children. Muscle strength and FEC were measured with a handheld dynamometer and the 6-minute walk test. Results: Only muscle strength was significantly positively associated with motor performance on the KTK. FEC was significantly decreased. Children's scores on the KTK were significantly lower (p Ͻ 0.001) compared with scores on the Movement Assessment Battery for Children. Conclusions: The KTK is a more sensitive tool for detecting motor problems in children with generalized joint hypermobility, but is not associated with FEC. Along with the KTK, the 6-minute walk test can be used to independently assess and evaluate FEC. 
INTRODUCTION
Joint hypermobility or joint laxity is the result of ligamentous laxity and may be a feature of a heritable disorder of connective tissue. Hypermobile joints are those displaying a range of motion that is considered excessive, taking into consideration age, gender and ethnic background. If several joints are involved, it is regarded as generalized hypermobility, otherwise as pauciarticular hypermobility (1 to 4 joints). [1] [2] [3] Joint hypermobility declines with age, is greater in females than in males, and varies between ethnic groups. 1, 2 In the white population, the prevalence is 10%, and in African and Asian populations, it is 25%. 4, 5 In Dutch children aged 4 to 17 years, 14% generalized joint hypermobility is reported. 6 Generalized hypermobility can be measured using several diagnostic criteria. Carter and Wilkinson 7 proposed the first rating scale, which was modified by Beighton et al. 4 The Beighton scoring system is the most commonly used today. An alternative scale is the Bulbena scoring system. This scale includes a different cutoff for hypermobility for males and females and assesses more joints, especially in the lower extremities. 8 Although the Beighton score and the Bulbena score have only been validated for adults, in general practice it is used for children beginning at the age of 6 years 9 (Table 1) . If hypermobility is combined with musculoskeletal complaints, such as arthralgia in more than 2 joints for a period exceeding 12 weeks or exercise-induced pain and intolerance, it is defined as benign joint hypermobility syndrome. It is called benign to make a distinction from connective tissue disorders with life-threatening complications such as Marfan syndrome, Ehlers-Danlos syndrome, or Osteogenese Imperfecta. Not all persons with joint hypermobility experience complaints, some even benefit from their increased range of motion like ballet dancers, gymnasts, and musicians (violinists and pianists). 10, 11 In case of symptoms, they may occur at any age. As early as birth, congenital (benign) hypotonia and muscle weakness are associated with joint hypermobility. 7, 12 This is sometimes followed by delayed motor development, which may be temporary for a number of children. [13] [14] [15] Decreased muscle strength and functional exercise capacity are often reported to be persistent. 7, 9, 12, 16, 17 From the age of 3 years, children may suffer from benign nocturnal leg pain, so-called growing pains (until 6 years), and musculoskeletal pain in the legs, ankles, and feet. Recurrent knee pain and ankle distorsion frequently appear at school age, followed by pain in the hips and back at approximately the age of 10 years. 9, 12, 18 Decreased muscle strength, functional exercise capacity, and delayed motor development limits the child in daily physical activities. Mostly motor skills such as balancing, walking, running, hopping, jumping, fast turning of direction, and sport activities are impaired. 9, 15, 19 Several motor tests are available to assess children's motor performance. Because disease-specific instruments for the measurement of motor performance are lacking, pediatric physiotherapists have to use generic tests. It is not clear if those generic tests can measure the specific motor problems of children with generalized joint hypermobility and if they do so, which test is the most sensitive for this group of children. It is important for the quality of pediatric physical treatment to use the correct motor test to assess motor problems and to evaluate the results of treatment.
The first aim of this study was to investigate whether muscle strength and functional exercise capacity are predictors of motor performance as assessed and objectified by the Kö rperkoordinationstest fü r Kinder (KTK) and the Movement Assessment Battery for Children (M-ABC) in children with generalized joint hypermobility. The second aim was to compare the KTK and M-ABC in their sensitivity for detecting motor problems in children with generalized joint hypermobility.
The first hypothesis was that in children with symptomatic generalized joint hypermobility, muscle strength and functional exercise capacity are predictors of motor performance according to the KTK and the M-ABC. The second hypothesis was that the KTK and M-ABC do differ in the measurement of motor performance in children with symptomatic generalized joint hypermobility.
METHODS

Design
The study was performed in 2 practices of pediatric physical therapy by 2 experienced pediatric physical therapists (Y.B.M.H. and C.J.M.H.). The children were tested during February and March 2007. The parents were provided an informational letter about the purpose of the study. They indicated their consent for the use of the data in this study. Because patients were referred and treated according to "care as usual," no approval of the Medical Ethics Committee was needed.
Subjects
Forty-one children with symptomatic generalized hypermobility with a mean age of 8.1 years (range, 5-12 years) were included. The children were included in the study when generalized hypermobility was present according to the criteria of Bulbena (Table 1 ) and when they reported problems with motor performance. Children referred for the first time and children who came at long intervals for advice or a check-up were included in this study. Children with known neuromuscular diseases, cerebral palsy, a recent fracture or joint sprain in the lower extremity, and known collagen disorders were excluded.
Measurements
A large body mass index (BMI) will possibly interfere with gross motor performance. Therefore, it was determined to use BMI in the statistical analysis as a possible confounding variable. Body height and weight were determined using a wall assembled stadiometer and an electronic scale and rounded to the nearest centimeter and 100 g, respectively. During measurement, the children wore sport clothing and no shoes. BMI was calculated as body mass/height. 2 Generalized joint hypermobility was diagnosed according to the criteria of Bulbena et al 8 (Table 1) . Passive movements of 9 joints were examined. The presence and location of hypermobility was scored and the presence of ecchymoses (bruising after minimal trauma) was recorded. Generalized hypermobility of joints was considered to be present if the score was Ն5 in girls and Ն4 in boys. The Bulbena score has high concurrent validity (Ͼ0.85) with the Beighton score and high test-retest reliability (appa Ͼ0.8). 8 The internal consistency of the items of the Bulbena score is more homogeneous (Cronbach's ␣ ϭ 0.933) compared with the items of the Beighton score (Cronbach's ␣ ϭ 0.836). 8 An interrater reliability study between the 2 testers was performed comparing a group of 25 children. The children were tested by both testers on the same day. The testers were blinded to each others test results. The interrater reliability was found to be high (appa ϭ 0.91).
Muscle strength of the shoulder abductors, the 3-point grip of the hand and the hip flexors was measured with a handheld dynamometer, type CT 3001 (C.I.T. Technics BV Haren/Groningen, the Netherlands). Measurements were performed 3 times consecutively and the highest value for each muscle group was registered. Those values were converted into z scores (standardized score; normal between Ϫ2 and 2) 20 according to age-and gender-related reference values of Beenakker et al. 21 The total z score of muscle strength was the summation of the 3 separate z scores. An interrater reliability study between the 2 testers was performed, comparing a group of 22 children on the same day. The testers were blinded to each other's test results. The highest score of the 3 attempts of each muscle was recorded to determine the interrater reliability. According to the limits of agreement (LOA), the interrater reliability was found to be acceptable (shoulder abductors 12% LOA, 3-point grip 12.5% LOA, and hip flexors 10% LOA). 20 Functional exercise capacity was measured using the 6-minute walk test (6MWT). This is a self-paced endurance test. Because children pace themselves during their daily physical activities, it may be a better representation of the patterns of physical activity in children than traditional maximal exercise tests, as children rarely engage in sustained, heavy exercise. 22 The 6MWT is a well standardized, simple, safe test, and easy to perform. The test has a physiologic response at a submaximal, intense level of exercise. [23] [24] [25] [26] The test was performed on an 8-m track. 27 Patients were instructed to cover the largest possible distance in 6 minutes at a self-chosen walking speed. Turns were made on both ends (marked with a line) of the 8-m track. Each 8-m distance walked was recorded. At the end of the test, the child was asked to stop and stand still. The distance covered in the final lap was measured with a measuring tape. The child was encouraged in a neutral way, by telling him when he had walked 10 laps and when a minute had passed. According to the age-and gender-related reference values of Geiger et al, 25 the distance walked was converted into a z score.
Motor performance was measured with the M-ABC and with the KTK. These tests were performed on different days with a maximum interval of 14 days. The order of testing was counterbalanced within the group.
The M-ABC is a norm-referenced motor test for children aged 4 to 12. It is a generic instrument used to identify children with impaired motor ability in daily life and contains 3 items for manual dexterity, 2 for ball skills, and 3 for static and dynamic balance. 28, 29 ( Table 2 ). The total score of the items is converted into a percentile score. A score less than the fifth percentile (P5) score indicates a definite motor delay; a score less than the fifteenth percentile (P15) indicates a motor performance that is at risk. The interrater reliability is good (0.70 to 0.90). 28, 29 The KTK was designed to identify and diagnose problems of motor development in children. 30 It differs from the M-ABC in that it focuses exclusively on gross motor coordination, 31 with more emphasis on muscle strength and endurance. The KTK is a norm-referenced motor test for children 5 to 14 years old. This test consists of 4 items that have to be performed 2 or 3 times. Item 2 and 3 have different raw scores for boys and girls (Table 3 ). All attempts of each item are recorded and added up to a total item score. This is converted into an item motor quotient. By adding up the 4 item motor quotients, the total motor quotient is calculated (mean 100, SD 15) and can be converted into a percentile score. A child having a percentile score less than the third percentile (P3) is considered to have a motor delay, whereas a motor performance with a score less than the sixteenth percentile (P16) is regarded as being at risk. The test-retest reliability of the different items and the total score is high: balancing backwards 0.80, hopping 0.96, jumping sideways 0.95, moving sideways on boxes 0.94, and for the total score of the KTK 0.97. 30 The relationship between the 3 subsections of the M-ABC and the 4 component items of the KTK is r ϭ 0.62 (p Ͻ 0.001).
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Statistical Analysis
Frequencies, means and standard deviations (SD) were calculated of all variables. The data for the Bulbena score, the z scores of the muscle strength and 6MWT, the percentile score of the M-ABC and the KTK were presented as medians (50th percentile [P50]) and interquartile ranges (P25-P75). Normal distribution of the data was explored by the Komolgorov Smirnov test. The percentile scores of both the M-ABC and KTK were not normally distributed. Therefore, a nonparametric Wilcoxon's sign rank test was used for comparing both percentile scores. Chi square tests were used to compare the cutoff of both motor tests for normal, at risk, and delayed motor development.
Multiple regression analysis was used to study the association between motor performance as a dependent variable and total muscle strength, BMI and functional exercise capacity as predicting variables. This was done for the performance on each motor test. To reach a normal distribution of the percentile score on both motor tests, the data were transformed (squared root). Associations were expressed as linear regression coefficients with their corresponding 95% confidence interval (95% CI). Data were analyzed using SPSS, version 15.0 (SPSS Inc., Chicago, Ill).
To attend to the power of this study, the study population (n ϭ 41) was based on the principle of a minimum of 10 children per independent variable, as recommended for multiple regression analysis. 32 
RESULTS
Descriptive data of all children are presented in Table  4 . The Bulbena scores varied from 5 to 9, with a median score of 6 and interquartile scores of 6 (P25) and 7 (P75). The mean z score of total muscle strength was Ϫ0.66 (SD 0.80). The mean z score of the 6MWT was Ϫ2.47 (SD 0.92). Assessment of motor performance with the M-ABC showed a mean score above P15 (40.5; SD 29.8), whereas the mean score on the KTK was below P15 (9.2; SD 12.9). The children scored significantly lower on the KTK (Wilcoxon's z ϭ Ϫ4.99; p ϭ 0.00). The clinical relevance of the difference between both scores had a high effect size (r ϭ 0.78).
No significant association was found between the M-ABC and KTK for the cutoff at P15 ( 2 ϭ 3.24; p ϭ 0.072) and at P5 ( 2 ϭ 0.211; p ϭ 0.65). According to the M-ABC, 32 children (78%) had normal motor performance, 3 children (7.4%) had motor problems being at risk (ϽP15), and 6 children (14.6%) had definite motor delay. This was in direct contrast to the findings on the KTK: 9 children (22%) had normal motor performance, 15 children (36.5%) were at risk for motor problems, and 17 children (41.5%) had definite motor delay.
The statistical associations are presented in Table 5 . Multiple regression analysis showed that the percentile score of the M-ABC was not predicted by muscle strength (␤ ϭ Ϫ0.19; CI Ϫ0.71 to 0.22), BMI (␤ ϭ 0.24; CI Ϫ0.06 to 0.35) and the 6MWT score (␤ ϭ Ϫ0.27; CI Ϫ0.42 to 0.36). On the other hand, significant associations were found between muscle strength (␤ ϭ Ϫ0.43; CI 0.09 to 0.69) and BMI (␤ ϭ Ϫ0.33; CI Ϫ0.27 to Ϫ0.004) with the percentile score of the KTK. No significant association was found for the 6MWT (␤ ϭ Ϫ0.07; CI Ϫ0.31 to 0.19). The regression model was only significant for the KTK score (p ϭ 0.046), with a prediction of the KTK score of R 2 ϭ 0.19. For the M-ABC, the model was not significant (p ϭ 0.44) with a prediction of R 2 ϭ 0.07.
DISCUSSION
The first aim of this study was to investigate in children with generalized joint hypermobility whether muscle strength and functional exercise capacity are predictors of motor performance as objectified by the KTK and the M-ABC. The second aim was to compare the KTK and M-ABC in their sensitivity for detecting motor problems in children with generalized joint hypermobility. The hypothesis of the first aim was partly confirmed for the KTK motor score: muscle strength and BMI did predict the KTK motor score. For the motor score of the M-ABC, it was completely rejected. The hypothesis of the second aim was confirmed.
Children with generalized hypermobility are known to have less muscle strength and a lower functional exercise capacity and this may lead to problems in the participation of sports and physical activities like running and walking. 9, 12, 14, 16, 17 Decreased muscle strength was also observed in this study. Although within the normal range of Ϫ2 and ϩ 2, the median z score was Ϫ0.57 and the P25-P75 was below 0. Functional exercise capacity, as measured by the 6MWT, was significantly decreased with a median z score of Ϫ2.47. This result, therefore, confirms mentioned problems with walking and is in concert with the results of Engelbert et al 17 in their study on functional exercise capacity. They stated that this was the result of deconditioning. The children they studied participated less in sports activities and had a higher mean BMI. Children in our study were younger: 8.1 years compared with 14.5 years in the study by Engelbert et al 17 and had a normal mean BMI of 16.4. The young children in our study are physically more active than Engelbert's older group, yet their exercise is decreased compared with their peers.
Only the motor performance as measured by the KTK was positively predicted by muscle strength and negatively by BMI. An explanation for this result can be found in the content of both motor tests: the KTK represents more sports-like elements as strength and speed than the M-ABC does. A negative correlation between BMI and gross motor performance has been found before. 33, 34 Functional exercise capacity was not a predictor of performance on both motor tests. This is not a real surprise, because both tests were designed to objectify motor coordination. 29, 30 The performance of the items does not take enough time to approximate a level of muscle endurance. Because the ability to walk for a certain distance is important to quality of life, especially for children participating in outdoor leisure activities and sports, one could consider the 6MWT as a tool to objectify this ability to participate. As mentioned before, children with generalized hypermobility often have problems in those daily, physical demanding activities.
A substantial difference was found in the comparison of the KTK and the M-ABC with the regard to the sensitivity in detecting motor problems in hypermobile children. The KTK found a motor delay in 78% of the children, whereas the M-ABC in only 22%. One explanation is that only muscle strength predicted the motor score of the KTK. Another explanation could be the differences in the constructs of both motor tests. Smits et al 31 studied a population consisting of children with and without motor problems and compared the construct validity of the M-ABC with the KTK as the "gold standard." A correlation between the total scores of 0.62 was found, and a concordance of 78% for the cutoff for a motor delay (this is exactly the opposite of the cutoff that was found in present study). Smits et al stated that the KTK is "oversensitive" for detecting motor problems. Since the KTK is a test from 1974, the norms may not be up to date anymore. The leisure habits of children have changed over time and consist of less physically demanding activities, such as watching TV and playing computer games, 35 so norms could be too stringent nowadays. This assumption is confirmed by several studies in Germany. The mean normal motor quotient tended to be around the 93, with more children having a standard score below the Ϫ1 standard deviations or more. 36 On the other hand, some remarks can be made on the sensitivity of the M-ABC; ceiling effects of some gross motor items are reported. 37, 38 Therefore, too stringent norms of the KTK and the lax norms of the M-ABC may also have counted for the difference in our motor scores.
It can be concluded that the KTK is a more sensitive tool for detecting motor problems in children with joint hypermobility. The M-ABC score does not have a significant relationship with muscle strength and FEC and, therefore, is not able to measure the specific motor problems in this group of children. The KTK is not associated with functional exercise capacity. Because FEC was significantly decreased and the decreased ability to walk can interfere in the daily activities of children, the 6MWT can be recommended to be used along with the KTK. Both tests are needed in the assessment of motor performance and physical endurance in children with generalized joint hypermobility.
Comparing the results of motor delay with other studies, Engelbert et al 13 found a motor delay (ϽP15) in 46% of the children of 4 to 12 years. In our present study, a motor delay of 22% (ϽP15, M-ABC) was found. The children studied by Engelbert et al were visiting a hospital for their complaints due to generalized hypermobility. Our study was performed in primary healthcare settings. Possibly, children with more profound motor problems are referred to a hospital rather than to a general practitioner.
A set of criteria for the measurement of the amount and degree of hypermobility in children is not yet available.
Until now, the use of the adult criteria is advised after the age of 6 years. 9 This may lead to a false-positive diagnosis, because on average, children inherently have a greater range of motion of their joints than adults. 1, 4, 12, 39 The available criteria are not only inadequate for the pediatric population, but also seem to lack validity for the adult population. Remvig et al 40, 41 stated that for any of the available criteria, concurrent validity had not been investigated, as there is no golden standard that describes the normal range of motion for different races, ages, and gender while specifying which joints most discriminate ligamentous laxity. The lack of valid criteria may have led to an overestimation of the prevalence of joint hypermobility. Results of previous studies concerning complaints due to joint hypermobility should, therefore, be considered and interpreted with caution. 19,39 -41 The first step should be the development of a golden standard. As soon as this has been established, the validity and cutoff of the existing screening criteria for hypermobility can be investigated. For the pediatric population, one should take in account the natural laxity and the diminishing of joint hypermobility with age. Children up to 12 years have inherently a greater range of joint motion. To detect collagen laxity, it might be necessary to look also for other symptoms of collagen laxity, like skin extensibility rather than just joint mobility. 16, 40, 41 For pediatric physiotherapists, a valid score of joint hypermobility is essential: one needs to know if joint hypermobility is the main reason for existing problems or if the child is "just clumsy," with some inherent laxity. The intervention for the first group has a goal of stabilizing the affected joints and increasing muscle strength and endurance, captured in functional exercises. Similarly, education of the parents, teachers, and sport coaches about the nature and management of joint hypermobility is also a goal. 42 Until now there is no evidence of a long term treatment effect. This also needs to be the subject of future research.
To our knowledge, there are no previous studies into the influence of muscle strength and FEC on motor performance in children with generalized joint hypermobility. The use of a specific motor assessment tool for this group of children does not only yield better insight in motor problems, but it also provides a better opportunity to evaluate treatment results. A possible strength of our study is that it was performed in a primary healthcare setting. The study population corresponds with the average patient population seen in the community practice of a pediatric physiotherapist. A possible weakness of this study concerns the study population, because only children of the northern part of the Netherlands were involved. This could represent a selection bias. As mentioned before, the lack of a set of validated criteria for the measurement of the amount and degree of joint hypermobility in children is also a weakness. However, the use of adult criteria has been used before in several other studies. 9, 13, 16, 17 
CONCLUSION
Muscle strength was moderately decreased while FEC was substantially decreased compared with reference values. Only muscle strength predicted motor performance when measured with the KTK. Functional exercise capacity as measured by the 6MWT did not predict motor performance on both the KTK and the M-ABC. For pediatric physiotherapists, the KTK can be recommended as an appropriate tool in the assessment of motor performance and evaluation of treatment results in children with generalized joint hypermobility. Along with the KTK, the 6MWT can be used to assess and evaluate the functional exercise capacity.
